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ABSTRACT 

Photometric  and  electronic  equipment,  has  been  drrlaed  for  the 
observation,  priarrlly  with  tho  12.5-lnch  refractor  of  the  KcHlllin 
Observatory  of  The  Ohio  State  University,  of  the  brightness  fluctuation 
and  color  fluctuation  of  stars,  both  in  the  daytime  and  nighttime  shy, 
and  of  equivalent,  or  enaller,  portions  of  the  daytime  iky,  under  a 
variety  of  neteorological  conditions,  The  objsotire  of  the  work  is  to 
provide  the  basic  observations  (and  to  analyse  those  made  by  other 
workers)  which,  it  is  hoped,  will  lead  to  a new  tool  for  the  study  of 
the  upper  etaoephere. 

The  beele  equipment  has  been  purchaaed,  or  fabrloatod  in  the 
University  shops,  and  li  now  In  good  operation.  Other  equipment  in- 
tended for  raiiuaewmt  of  observations  is  still  on  ordar.  Delivery 
time  fur  specialised  equipment  is  notoriously  long. 

The  previous  two  quarterly  reports  were  concerned  with  matters  of 
instrument  design,  fabrication  snd  procurement,  testing  and  calibration, 
In  the  present  report  pariod  thesa  activities  were  continued,  but  the 
first  consecutive  observational  results  vert  obtained  and  analysed. 

The  investigation  of  the  literature  was  completed  and  submitted  as  a 
final  <'■  aft  for  a aeparate  Air  force  technical  report. 

It  haa  bean  established  that  an  ar*a  of  daytime  iky,  0,3  square 
seconds  of  are  in  area  (and  thus  much  smaller  than  the  tremor  disk  of 
a star)  la  very  much  steadier  than  a star  of  comparable  brightness  at 
night.  Determination  of  the  upper  limit  of  sky  fluctuation*  (Waits 
other  lnstnaamtetion,  but  with  the  present  basic  photometric  equipment, 
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\) 

If  the  tiny  cement  of  the  cky  had  ono-tenlh  the  fluctuation  amplitude 
observed  In  c star,  it  would  have  been  detected. 

Stars  hove  boon  recordod  photooloctrlesUy  In  the  bright  daylight, 
using  d-c  techniques,  but  the  problem  of  fluctuation  study  la  insuper- 
able with  the  present  en*i  truant  end  will  present  gTavo  dl/ficultlea 
even  with  the  now  oqulnmont  UT  one  wishes  u>  record  the  enttro  tronor 
disk  of  £ star. 

It  appears  that  rtars  have  ah  "aureole"  about  thwn  wnlch  la  datset- 
ablu  phntooV'fltrlCAlly  but  not  visually,  Dlaphra  no  which  appear  to 
adnlt  the  total  vlaual  twin#  do  not  a<Ht  all  of  the  11/ hi  of  a et*r. 

It  nay  I*  loeelhlo  to  eonetruet  "laopholet"  of  a stellar  tronor  disk 
relating  the  radius  or  the  dljk  to  the  r.ean  total  light  oontaine  1 
within  an  area  of  that  radio*. 
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pmoirrax  and  ADw::ismno:i 

There  were  no  changes  In  personnel  and  no  essential  changes  in 
administration  o f th*  contract.  Kr.  yrotheroe  waa  put  on  full-time 
status  during  th*  runner. 

Tho  only  deficiency  that  hinder*  th*  full  ocopo  of  t.ho  work  1*  th* 
(low  dallvery  of  equipment.  Paetlltlea  it  th*  University  are  adequate 
&nd  apace  at  tha  obaervatory  end  tin*  at  tho  teloseop*  art  auffielent. 

Th*  talaaeop#  and  aeaaaaorio*  aro  tn  food  condition. 

With  roapaot  to  th*  alow  delivery  of  equipment,  an  attempt  waa 
made  early  tn  tho  contract  period  to  procuro  an  oaollloacop*  and  a tap* 
r«cord*r  fron  th*  undoubtedly  larg*  supply  of  such  aqulpmei  t within 
foremwnt  laboratorlaa.  It  proved  Impossible,  however,  to  arrant* 
for  such  a transfer  of  equipment,  and  after  considerable  delay,  fundi 
frtet  th*  preaent  contract  were  comlltud  for  ita  purchaae,  Thi*  account* 
In  part  for  th*  delay  In  obtaining  equipment  eaaential  for  the  projeot. 
cawuiucAriojo 

Th*r*  waa,  during  thi*  report  parted,  th*  usual  mount  of  routin* 
correspondence  concerning  equipment. 

Cr.  Hynek  gave  a oolloqulun  (Way  l'1,  19??)  at  th*  itnt.a  University 
of  Iowa,  Physics  Department , on  th*  eubjoct  of  stellar  iclntillatlon. 

LY.  Van  Allan,  chairman,  end  hla  ataff  r 11  ,'olnod  into  a spirited  dia- 
ouaalon. 

Dr.  Ilelni  Ftcoher,  of  the  Cambridge  duseareh  [./’.oratorio*,  visited 
tl.o  WcMlllin  Observatory  in  May  for  a revtow  of  progress  to  date. 

Dr.  Hynek  attended  tho  neetln,-*  of  th*  Anurlcnn  Astronctaic.il 
Society  at.  Victoria,  3.C.,  Jun.  anl  subsequently  vlaitej  th*  Uck 

Observatory  of  the  University  of  California,  th*  Mt , Wllaon  and  talcrar 


I» 

Cbaarv.-.toriea,  and  tins  towoll  Ctsorvatory  at  'l.iittaff,  Ariicna.  H* 
dlrcuased  tha  proul'ci  of  atallar  aclntlllstlcr.  with  nur-.urouJ  f.otrc.io.a-rs, 
oapucinlly  with  tr.  Kron  nr.i  hr*  lifron  of  ‘fie  licit  Cbocrvatory,  both 
of  whom  are  wall  Known  for  flmlr  photooUcti  is  work. 

!(•  alco  vtrltrd  thg  ditto  fendii  Provtr.r  "round  to  cun  'r.  rlydo 
Tombmch,  wi  o la  In  chare®  o'  of.ttes  dofi-r.  tn  th'.  i'llrht  :>tur-.t- 
nailon  tef  oratory.  Tocbaurw  ia  actpialntod  with  the  prod lor.  of  deytbiu 
"eiiglr*;11  In  conm'citoi  wttn  hla  work  on  ’ha  /laual  track  Ini;  of  rookoU. 

Informal  llataon  war  contlnuon  with  l r.  Kt.ll  r.t  thu  ilavr.l  Cbawrvj- 
to r/t  who  la  cooperatin'  wl • i ua  In  similar  work.  Lr.  ''ill  ml  Ills 
aaaoclataa  iri  atMnptliv  to  datemlne  t;w  prir.tr/  l*vela  In  th«  »t- 
moipharo  at  Wile."  iclntllUtlm  affoet.i  occur. 

All  of  th*  alovo  confaroneos  milled  li.  .,al(  htwriml  Internet  In 


th«  prol-lei. 


STATiM.NT  OF  PKGfcLfcM  ATE 
J^THODC  OF  ATTACK 
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Tho  problen  that  ccncerna  us  In  thin  v.  irk  H the  atudy  <>r  tho  fluct- 
uations In  trlchtnUBC  and  In  color  of  ctarll;;ht  and  skyllpht,  with  special 
#r, phasic  on  dnytlne  observations . Tin  specific  contract  work  Is  to  devise 
and  utilize  equipment  to  i coord  and  rnalyso  such  fluctuations,  The  lonp- 
ranqa  purpose  of  aucli  ol  serrations  ta  to  proviso  i:  poaclblo  basis  for 
tho  otudy  of  upper  at-.ospharlo  conditions  fron  *.ho  i-round, 

Althouch  nurli  qualitative  work  hr j already  toon  1010  by  othura  (and 
of  lata  a considerable  ur iouit  of  quantitative  work  also),  t.lilr  had  novor 
loan  collated  and  trrupht  to  bear  on  puldin,'  future  observations  needed 
to  attack  tha  problem  of  tha  upper  atmosphere. 

Mr.  I'oafold  completed  a aurve/  of  th->  Uteri  tur",  Mid  Me  rvpc-rt, 
oonprlalnc  S5  typewritten  papesi  Is  r"»  ty  for  lerua  ar  a repsralo  Air 
Force  Technical  keport.e 

*A  preliminary  copy  has  been  cunt  to  hr.  Holm  Flscner,  Air  Forces 
Canbrldre  Haaoarch  laboratories. 

A,  Fluctual  Iona  of  Die  'due  Ghy 

It  le  of  conulderabla  Interest  to  check  experimentally  tin  short- 
ranfie  constancy  of  blue  skyllr.ht.  The  daylight  sky  appears  mutant  to 
the  eye,  of  course,  and  one  Iplit  thin..  Dial  '),U  !s  because  the  eye  takes 
In  such  i larfo  area  that  any  "^otnt-i  ’-point''  V'.rljt. ' 'iiiC  urn  awarped  out 
In  the  Intof  rated  llpht. 

"olietolii  end  Hall  and  'heir  respective  rasoclalos  at  Naval  .lunnarch 
laboratory  and  the  Kaval  Observatory  reported  that  l duo  sky  areas  of 
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•bout  70,000  end  1 6 aquw#  seconds  of  arc,  respectively,  ohowad  nc  ‘-iteot- 
•blo  fluctuations,  It  atlll  might  ba  thought,  however,  that  a varltabla 
"polnt-aourca"  portion  of  tha  iky,  aaillar  than  tha  trenor  disk  of  a star, 
night  show  fluctuations  s.tailar  to  thoia  of  a star, 

Tha  praaant  photonatar  has  ona  dlaphrae*  that  cdnlts  but  0.3  square 
saconds  of  aro  of  skjr,  Accordingly,  as  soon  as  tha  equipment  was  rarely, 
tha  isrrch  for  such  poaalbls  "polnt-aourua"  fluctuations  was  raids.  Tha 
four  traces  of  fig,  1 Illustrate  that  O.J  square  saconds  of  sky  are  vary 
such  "quieter"  than  a star  (at  night)  having  conparsbU  brightness.  The 
star  was  #67®9  In  tha  Isis  Catalogue  of  Bright  Stars  (bTbk,  spectral  type 
10,  altitude  1(3°  la  tha  northern  part  of  U sky)  and  its  record  la  shown 
In  the  top  two  treoee  (two  slightly  different  dynode  voltagee).  The  bot- 
toN  two  traces  are  of  0.3  aquara  saconds  of  bluo  oky  at  elavatlon  U)°  in 
tha  northern  sky  (tho  North  Calsstlal  Polo). 

The  very  snail  fluatuatlons  lit  the  sky  traces  are  very  probably  of 
lnstruaantal  origin.  To  establish  this  point,  an  artificial  constant 
source  waa  devised.  This  consisted  of  s d-o  operated  bulb  ancloead  In 
the  optical  aystsn  of  the  photometer,  adjusted  eo  as  to  give  tlU  ana*  elg- 
nal  u that  given  by  thi  very  mail  portio.i  of  the  daylight  aky. 

Pig.  2 shows,  slda  by  side,  portions  of  a trace  of  the  blue  aky  and 
of  the  light  free  the  artificial  eource.  Relatively  high  sensitivity  wm 
used,  It  le  appaient  that  lnnofar  as  tha  praaent  equipment  la  concerned, 
no  high  (relatively)  frequanoy  fluctuation*  in  the  blue  iky  are  present . 

I 
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Low  frequency  components  do  t j to  be  present  (not  shown  in  Fig.  2), 
of  the  order  of  lot  end  approximately  0.1  ope.  These  nay  arise  front  wisps 
e if  eloud  and  hate  too  thin  to  be  detected  by  the  eye. 

The  tentative  conclusions  that  can  be  drawn  froe  these  observations 
ore  that  the  blue  sky  presents  a relatively  constant  source  or  background 
ss  far  as  audio  frequencies  are  concerned,  and  differs  markedly  in  this 
respect  fro*  e tar light. 

S.  Site  and  Oradjent  of  Star  Images 

Th-  daytlae  image  of  a a tar  appears  snail  to  the  eye,  but  there  la 
strong  svidsncs  thst  this  is  dacsptivs,  and  that  the  outer  "corona*  at 
light  in  the  star  la  lost  to  the  eye  because  of  lack  of  contrast  with  re- 
spect to  the  bits  sky.  This  oauinot  be  tasted  hare  until  the  new  equip- 
ment arrives,  but  eeaau.-as  rede  on  the  also  of  nightiUs  stellar  Images 
ere  revealing. 

Zt  must  be  renwbertd  that  e refractor  was  usvi  throughout,  and 
that  perfeot  achromatism  is  not  pcssibls  in  a refractor.  That  is,  whan 
the  liuge  ta  In  focua  in  the  yeUow,  an  out-of-focus  blue  hale  exists 
around  the  Image . This  will  be  true  whenever  e lens  syatae  la  used  and 
hence  the  following  w assures  are  included,  not  as  indicating  real  else 
of  a etellar  tremor  disk,  but  the  teleecopioally  distorted  real  tremor 
disk  one  has  to  "put  up  with"  when  refracting  teleecopee  are  used.  The 
uee  of  filters  is,  of  oouree,  oalled  for,  and  these  out  deem  the  apparent 
•lie  of  the  trenor  disk  very  considerably  and  give  an  image  which  sp promi- 
se toe  the  true  trenor  disk  in  that  color. 
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A second  magnitude  etar  (typo  IC5)  was  recordad  successively  through 
the  5-m,  2 -mi,  l-im,  0.50-ran,  0.25-sm,  and  the  O.lB-mn  apertures  which 
correspond,  respectively,  to  226,  90,  U},  17.?,  5.5,  and  3.8  seconds  of 
are  In  dimeter  when  ueed  In  the  focal  plane  of  the  McMlllin  telescope. 


With  the  5*m  and  2-m  oponlngs  the  recorded  /signal  was  the  same, 
but  decreased  rapidly  with  smaller  diaphragms,  as  tabulated  belowt 


Dlephnwps 

Dlaa.  In 
•econda 
of  are 

% Change  In 
signal  (5-rm 
•sref.).  . 

Woles* 

S wi 

276 

12.9 

2 m 

90 

0 

12.9 

1 MR 

W 

3.6 

lil.O 

0.50  ne 

17.5 

16 

13.1* 

0.25 

5.8 

’9 

21.2 

0.10  TO 

3.8 

it* 

57.9 

* Percent  of  total  signal  represented  by  the  nolee. 


Thus,  though  to  the  eye  a star  undar  arorage  stein, • condltlona 
appears  to  aubtand  an  angle  of  ebout  2 eecondi  of  arc,  the  te'ila  above 
ehcea  that  the  total  apread  of  the  lm/ge  ts  actually  about  $0  eeconda 
of  are.  At  toon  aa  Uta  admitting  diaphragm  la  appreciably  smaller 
than  this,  the  total  elgnal  from  the  star  Is  marke>Uy  decreeaed. 

The  recorded  nolle,  on  the  other  hand,  Increases  markedly.  This 
la  most  likely  to  be  Interpreted  as  the  variable  admittance  of  portions 
of  the  "corona"  of  the  stellar  1/sepo.  Since  scintillation  t#  "true" 
nolle  In  the  star  signal,  the  rise  of  this  "false*  noise  will  vitiate 
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any  mu  urea  of  actual  scintillation  unlssc  adequately  large  diaphragms 
are  used.  This  pnctlce  of  using  sufficiently  large  diaphragas  Is,  of 
course,  permissible  at  night,  but  in  the  daytime,  the  achittance  of  so 
much  competing  skylight  tends  to  swtap  out  any  star  signal,  fortunately, 
as  the  previou a section  Indicates,  the  blue  sky  background  (actually, 
foreground,  sines  the  blue  sky  Is  eloss  about  us)  contributes  s sensibly 
constant  d»o  signal.  This  should  make  at  possible  to  employ  e vide  band- 
pass wplif  ler  shloh  rejsota  the  d-o  component  but  admits  ell  of  the 
covenant  frequenole*  of  the  stellar  eclntlllatlon. 

It  was  not  anticipated  at  the  start  of  this  work  that  the  "photo- 
electric" star  image  (without  oolor  filters)  would  be  found  to  be  so 
eery  much  larger  thin  the  apparent  rUual  Image.  Whereas  the  visual  ob- 
server would  suimiae  that  the  image  he  seat  comprises  9ft  or  more  of  the 
total  light  of  the  star,  the  photoeleotrio  measures  indicate  that  he  does 
not  see  20- Xi  of  the  light  of  the  star. 

This  striking  result  must  be  reehseksd  carefully,  and  the  measures 
repeated  in  different  color*.  The  question  of  the  total  else  of  a tremor 
disk  has  a bearing  on  the  accuracy  of  many  types  of  astronomical  obser- 
vations. It  will  be  of  considerable  interest  to  continue  these  observa- 
tions and  to  devise,  if  poasible,  "isophotes"  of  s stellar  tremor  disk. 

It  is  interesting  to  recall  that  In  a preliminary  draft  of  the  pro- 
poeal  for  this  work  Just  such  Manures  were  called  for.  The  writer 
caused  this  to  be  struck  out  fren  the  proposal  submitted  to  the  Air  Tore e 
because  he  felt  that  no  commitment  could  be  made  about  an  observation 
which  eeemed  impossibly  difficult  to  suke. 
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If  unrii  with  the  12.5-lnch  refractor  show  promise,  the  69- 
inch  Perkinc  Observatory  reflector  will  be  weed  to  study  image  9 lies 
given  by  a larc*  reflector. 

"leophotee"  of  atelier  images  would  be  of  Importance  not  only  in 
beala  astronomy,  but  also  to  the  entira  problee  of  star  tracking. 

C.  Calibration  of  Disphraflna 

In ae mu oh  aa  throughout  the  course  of  this  work  reference  is  made  to 
the  various  diaphragms  employed  to  mbit  starlight  and  skylight,  it  la 
important  to  aatabllsh  with  same  accuracy  the  ectuel  angular  equivalence 
of  these  apertureo,  eepeolelly  of  the  srviller  once. 

That#  sight  apertures  ware  eelibreted  photoeleotricslly  by  determin- 
ing the  ratios  of  tha  signals  from  an  artificial  constant  aourea  given 
by  the  different  apertures.  The  disaster*  of  the  dlaphrepae  were  aleo 
measured  an  a measuring  engine,  The  photoelectric  maeeurenente  are  to 
be  given  preference  because  of  the  difficulty  of  taking  Into  tocount 
nlnor  edge  irregularities  and  bum  which  ere  readily  seen  In  the  eyepleoe 
of  the  sNaeurlng  engine.  These  date  are  suaecarised  in  the  following 
tablet 


l 
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tabu:  I 

Aperture  Calibration 


' salnal 
tlanetar 
In  nm. 

Dleaeter, 

Measuring 

...  

Dimeter, 
Photoelectric 
(5.0  ma  • 
standard) 

Seconds 
of  Are 
(Rioto. 
electric) 

Helstlte 

Area 

(Photo- 

electric) 

5.0 

5.03 

5.03 

226 

lid, 000 

2.0 

2.01 

2.C0 

90 

22,000 

1.0 

0.99 

0.95 

1(3 

5,000 

o.5o 

o.Ut 

0.39 

17.5 

0U> 

0.25 

0.1 5 

0.13 

5.e 

95 

0.10 

0.11 

0.061a 

3.6 

39 

o.o5o 

too  Irregular 

to  Measure 

0.032 

l.b 

S.8 

0.025 

• 

0.013 

0.6 

1.0 

Da  Obaarvatlone  of  Stare  In  tha  Eaytlas 


The  relatively  large  total  (it*  of  tha  tremor  dick  of  a star  nat 
obeerveUonc  of  a atar  In  tha  daytime  a fontldabla  task,  particularly 
If  the  total  treater  dlak  ll  daalrad.  Captlla  (mag.  0.21,  tjrpa  OO)  la 
Just  barely  datactabla  using  tha  $-ma  dlaphrnpa  and  only  a 2 par  cant 
Chang®  in  total  signal  la  notlcod  whan  the  1-raa  opening  la  employed.  In 
thaaa  measures  a yellow  filtar  was  used  for  obriou*  reasons. 

These  preliminary  results  Indicate  thut  a raore  refined  technique 
must  bo  alloyed  it  tha  ocintillatlon  of  daytime  stars  la  to  be  faithfully 
recorded. 


apparatus 


Given  below  lc  a llatlng  of  apparatus  now  on  hand  and  that  wtiich  la 
on  ordar. 

On  Hand 

Ona  laboratory-constructed  d-e  amplifier 

Two  Bruch  91  $3?  d.o  »plUler«s 

Ona  Brush  DL  202  Dual  Chtnal  Oscillograph 

t 

Ona  Brown  Raoordsr 

(Proparty  of  MeHlllin  Cbaarratory) 

Cna  Atonlo  Instruments  #306  Hlijh  Volta**  Supply 
(Property  of  McltlUln  Cbasrvatory) 

Ona  Oaneral  Kadlo  7XS-A  d-c  amplifier 
(Proparty  of  MeHlllin  Otaarratory) 

Ona  Oansrai  Radio  762  B Vibration  Analyser 

Ona  low  frequency  Magna t la  Tap*  Racordar 
(Cn  loan  from  tha  U.  S.  Natal  Observatory) 

Ona  Paatas  Camera 

(On  loan  fro*  Vright-Patterson  Air  Fores  Baas) 


On  Ordar 

Ona  Kron-Hlt*  Ultra  low  Kraquanoy  Sand  Pass  Filter  1330-A 
(Delltary  promlstdi  July  21) 

Cna  Tektronix  Typa  112  d-c  Amplifier 
(Delltary  pronisadi  Aug.  1$) 

Ona  Ray  Vibralyaar 

(Delivery  pronisadi  Aug.  15) 

Ona  ft»ont  322  Double  Beat  Cocllloscope 
(Dalitary  proruiaedi  Aug.  20) 

Ona  Aapllfler  Carp,  of  Africa  621-FK  Taps  Kacorder 
(Dalitary  premised!  Hot,  27) 
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At  1*  obrt.au*  frosi  the  above,  a coneiderabls  proportion  of  essential  equip- 
ment la  not  yet  on  hand. 

During  this  report  period  the  pho  tone  tar  head  va*  modifiod  to  incor- 
porate a third  (guiding)  eyepiece  to  placed  that  vleual  obeervation  of 
the  star  la«g*  1*  poealble  ainultanaously  with  It*  photoelectric  record- 
ing. Thla  eae  found  to  be  seiolutaly  essential  for  th*  reeordtng  of  etar 
signal*  In  the  daytime. 


THtOMfnCAl  co::sinnurifH3 

We  have  been  privileged  to  obtain  a pre-publication  copy  of  • paper 
by  fl.  Chendraseklur  onitellar  scintillation,  Dr.  Geoffrey  Keller  hae 
studied  this  paper  and  ha*  oerorunioeted  to  ue  the  following  o cement*  i 


"At  your  euggeetion  X have  read  Chandrasekhar's  recent  article 
entitled,  *A  Statistical  Theory  of  Stellar  Scintillation, ' X found 
It  uttaealjr  Interesting,  tad  to  have  been  moved  to  look  Into  the 
setter  in  a little  greater  detail. 

"froa  the  observational  point  of  view  aon*  aort  of  theory  of 
stellar  aelntillatlcn  1*  highly  dealrabl*.  One  vlahae  to  give  sig- 
nificance to  the  obearvatlone  which  on*  can  nek*  at  the  telescope 
(shape  end  motion  of  ehedcw  bands,  frequency  cf  pulsation*,  ato.) 
by  uaooiatlng  thaa  with  naterlal  proceaaee  occurring  In  th*  ataoa- 
phera,  in  addition,  however,  thare  are  several  practical  consid- 
eration*. Suppose  on*  hu  a nearly  correct  approximate  physical 
theory  of  the  origin  of  the  lolntlllaMon*  (such  ae  on*  baaed  on 
th*  existence  of  a turbulent  layer  of  air),  than  on*  should  be  able 
to  predict  the  nature  of  event*  c'jcanred  at  th*  telaecopa  In  tana# 
of  th*  phyaloal  parameter*  of  th*  theory  (thickness  and  height  of 
th*  layer,  mean  alas  of  an  eddy,  mean  fluctuation  In  dweity). 

Ont  sight  then  hop*  to  reverie  the  prtcee*  and  us*  th*  obgarvaticne 
to  determine  th*  par  waters,  Chandrasekhar  has  already  made  pro- 
gress in  this  direction.  The  theory  should  also  aerv*  a*  a guide 
in  showing  what  new  type*  of  observation  might  be  wad*  which  would 
yield  more  precisely  and  unequivocally  th*  algnificaot  physical 
parameter*.  Cn*  should  not  ovarlocfc  the  possible  Implication* 


L. 


eoccarnln?  talaocop#  daalgn.  Tor  instance,  we  know  that  if  seeing 
trouble*  wrre  abaant,  roaolutlon  would  ba  proportional  to  apartui  . 
It  appaara  at  first  glance  that  ths  affective  raaolutlon  In  tha 
presence  of  poor  easing  Bight  ba  lndapandant  of  apartura  for  large 
talaacopaa . X do  not  know  of  any  syelmatio  observational  data 
proving  or  disproving  this  point.  X n not  eorrrlnoad  that  it  fol- 
low* theoretically  from  existing  hypothaaaa.  A elarifloatlon 
would  ba  daa Arabia. 

• Concerning  existing  thaoriaa,  X ballara  tha  following  to  ba 
trust  lbs  oldar  concept*  art  baa  ad  on  tha  notion  that  tha  ataios- 
phcra  sontalna  an  inversion  turfaos  at  a height  of  aavaral  kilo, 
■star a.  Tha  turf ac a was  thoutfit  to  ba  corrugated  in  an  Irregular 
fashion.  An  indiviAial  corrugation  was  considered  roughly  as  a 
cylindrical  rafr acting  aurfact.  tight  from  a a tar  at  tha  aanlth 
pasting  through  such  a aurfact  would  ba  cone  antra  tad  at  a focal 
Una  at  a dlatanca  balow  equal  to  tha  focal  length  of  tha  corru- 
gation. To  account  for  tha  spacing  of  tha  shadow  bands,  inch  cor- 
rugations mat  ba  S to  10  cm  in  width,  Tha  principal  objection* 
to  this  theory  art  that  it  dost  not  explain  scintillation  in  color, 
it  requires  m Improbably  large  diffaranea  in  density  between  tha 
two  sides  of  the  refracting  layer,  and  tha  cylindrical  refracting 
wurfaoa*  night  not  hava  enough  resolving  power  to  produce  sharp 
fecal  lines  (bands)  at  tha  distance  of  tha  earth'*  surface. 

•These  three  ebjaotlcns  have  bean  mph  tailed  by  Little  (M.tt. 
111.  289  (U51)).  following  ideas  of  Booker  and  Gordon  ha  aug- 
gaata  that  tha  single  rafraoting  aurfact  be  replaced  by  a layer 
of  turbulent  air  0.2  km  thick.  Is  this  ljgrer  on*  places  vertical 
oonvaotlve  alaasnta  having  widths  of  $ at  and  danaltlaa  (and  hone* 
refractive  indices)  differing  slightly  fro*  tha  naan.  Itac  to  the 
long  light  path  through  the**  aliment*  (0.2  kaf)  they  can  prodsot 
as  appreciable  advancement  or  retardation  of  tha  wav*  front  even 
though  the  diffaranea  in  Uiair  density  fro*  tha  Men  la  very  much 
laaa  than  the  par  cant  or  so  required  by  tha  aingl*  layer  theory. 
Little  lap  11  a*  that  only  a fnv  such  alaraanti  would  bt  traversed 
by  an  Lnecaalng  light  ray,  but  this  la  scarcely  credible,  since  it 
requires  that  convactlv*  alaatanta  100  Mtara  laig  and  only  $ ca 
wide  b*  lined  up  accurately  parallel  to  tha  incasing  rays,  fcvra 
if  this  war*  tha  oana  for  stars  at  tha  aanith,  it  would  not  b*  ao 
for  star*  at  any  dlatanca  fro*  tha  eanith. 

"Chandrasekhar  handles  this  problem  such  sore  neatly,  K* 
Sanaa*  that  tha  disturbing  aloMnta  are  roughly  tpbarlcal  and 
have  a dimeter  of  the  order  of  10  cm,  (Tha  almaata  could  squally 
well  b*  taajssd  to  be  cyllndare  with  their  long  axe*  parallel  to 
on*  another  and  horlaontal).  Hla  whole  layer  is  about  100  Mtara 
thick.  Light  fro*  a atar  at  tha  sanith  would  thus  pass  through 
cm*  thousand  addlaa,  R*  shove  that  with  a plaualbla  danalty 
fluctuation  from  tha  naan  tha  accumulated  statlatlaal  retardation 
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or  advaneamsnt  of  the  uav#  front  1*  sufficient  to  Rive  scintillation 
effects.  Moreover,  the  width  of  the  averse*  corrugation  in  the 
were  front  le  also  about  10  ca,  thick  la  that  required  to  account 
for  the  separation  of  shadow  bands. 

"Chandrasekhar  does  not  ««y  aueh  about  what  happens  to  the 
light  aftsr  It  leaves  the  turbulent  layer,  but  lnpllea  that  It 
travels  In  geometrical  rays  perpendicularly  away  from  the  wave 
front  Just  below  the  layer,  In  this  way  he  calculates  the  an/ular 
dlaaeter  of  tho  average  tremor  dick.  He  also  computes  the  average 
eeplltude  of  a corrugation  In  the  wave  front  just  below  the  layer 
and  shows  this  to  be  1500  I.  He  etatea  that  this  accounts  for 
color  solntlllatlan,  but  on  the  basis  of  the  gsemetrieal  props* 
fatten  theory  It  does  not.  It  Ls  the  difference  in  amplitude  for 
two  colors  which  is  Important.  For  green  and  red  light  thlc  dif- 
ference would  be  10  I,  and  would  give  a difference  In  angle  of 
only  0 -OOli  second  of  an,  which  would  to  arc  sly  ba  observable. 

"It  seems  to  as  that  Chandrasekhar's  theory  gives  the  beet 
available  theory  of  the  physUal  origin  of  selntillatlon,  but  that 
a man  elaborate  theory  oust  be  used  to  connect  the  nature  of  the 
wave  front  which  strike*  the  surface  of  the  earth  and  that  which 
Ism*  the  lower  lids  of  the  tarhulmt  layer.  Since  the  else  of 
one  average  corrugation  In  the  wave  front  emerging  fro*  the  layer 
Is  10  cm,  at  a dlatano*  of  li  km  a ray  of  light  of  A 60C 0 will  be 
spread  laterally  over  at  least  6 ca,  tdtleh  In  Itself  would  tmtr 
the  ehedow  bands.  Cn  the  other  hand,  there  are  Interference 
effects  occurring  In  a statistical  raahlon  between  r«y»  originat- 
ing from  dlffarent  corrugations,  and  these  must  be  considered 

•A  suitable  treatment  of  this  propagation  problem  has  evi- 
dently been  given  by  Seeker,  Ratcliffs  and  Shinn  (Phil.  Trans. 

Royal  See.  A,  2U,  579  (1950)).  I have  net  had  a chance  to  lock 
at  this  paper, “Gut  believ*  that  I have  reproduced  the  essential 
parts.  It  la  based  cn  the  Fresnel  theory  of  attraction.  It  tame 
out  that  the  wave  front  whioh  strikes  the  earth's  surface  has  cor- 
rugations of  the  sea*  widths  at  tho#*  In  the  emergent  front,  bat 
the  saplltudsa  vary  In  a dlffarent  way  with  the  width,  and  with 
oelor.  The  last  result  la  laportent,  and  (as  Little  has  already 
pointed  out)  should  account  for  color  scintillation. 

"I  think  this  last  type  of  analysis  will  enable  ua  to  explain 
the  behavior  of  the  shadow  bands  In  terms  of  the  turbulent  layer, 
and  an  analysis  of  th*  bands  should  give  maiy  properties  of  the 
layer.  Th*  fluctuations  In  th*  amount  of  enurgy  received  by  a 
circular  area  (equal  to  that  of  th*  telescope  objective)  of  th* 
wavs  front  striking  th*  earth  are  equal  to  tho  fluctuations  of  the 
Integrated  light  received  by  e phototube.  This  is  what  Kail  at  aj 
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hsva  been  trjing  to  measure.  (It  occurs  to  me  that  tho  Fabry  Iona 
••tup  which  we  bays  been  using  for  measuring  such  time  fluctuations 
in  intensity  nay  be  undesirable.  Shadow  bands  sweeping  acrosa  the 
teleecope  objective  mean  shadow  bunds  sweeping  across  tho  photo- 
sensitive surface). 

•Wien  it  canes  to  predicting  the  properties  of  tho  stellar 
imsge  in  the  focal  plane  of  the  teloacope  (to  calculate  the  oiae 
Of  the  tremor  disk,  for  lnatonee),  it  1*  neeeastry  to  use  Fraun* 
hefor  diffraction  theory,  starting  with  the  properties  of  the  wave 
front  incident  on  the  surface  of  the  earth.  I believe  thie  la 
feaalbla,  X have  not  seen  any  work  in  this  direction  by  cthor 
people,* 


Dr.  Kellor  ia  now  hlmsalf  looking  into  certain  theoretloal  aapeote 
Of  tho  problem  and  will  probably  prepare  a paper  on  It  to  be  la*ued  a a 
• Technical  Report. 


COMCLWIi.US 

The  program  ie  progreselng  well.  The  relatively  long  stage  of  apper- 
•too  construction  la  eaaentially  over,  and  consecutive  obeervatlona  are 
being  obtained.  However,  slow  delivery  of  certain  Iteae  la  holding  up 
tone  obeervatlona  that  should  new  logically  be  .made, 

Maaeuree  of  the  blue  nky  have  been  wade  and  even  very  well  aroaa 
have  bean  found  remarkably  constant  in  co«pari*on,  that  is,  with  a star 
image. 

Star  images,  on  the  other  hand,  have  been  found  to  have  considerably 
larger  tremor  disks  photoelsctrlcally  than  they  appear  to  have  visually. 


1? 


future  Work 

Th*  following  ltuma  ar#  scheduled  for  attack  and  they  will  b«  pur- 
sued aa  the  weather  and  the  arrival  of  necessary  equipment  purmlti 

(1)  An  attempt  to  define  a meaningful  upper  limit  to  "sky  noise." 

Sky  nolee  here  is  defined  as  any  fluctuations  over  and  beyond  Instrumental 
noise,  recardleae  of  the  physical  cause, 

( i ) Determination  of  the  ftellar  magnitude  of  the  blue  sky  under 
varloua  condition*. 

{))  Observation'  of  the  frequencies  In  the  daytime  sc Intlllatlun 
of  star*,  In  varloua  color*. 

(h)  further  atudy  of  the  structure  of  a atellar  tremor  disk  under 
a variety  of  meteorological  rendition*. 
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